Sixteen choroid plexus (CP) tumors in 12 male and four female adult dogs were analyzed microscopically. Tumors were in the lateral (six), third (six), and fourth (four) ventricles. The average age of the dogs was 6 years. Tumors were classified by the following criteria: 1) choroidplexuspapilloma (CPP), which resembled normal choroid plexus and had low mitotic activity; 2) choroidplexus papilloma with atypical features (atypical CPP), which had increased cellular density, nuclear atypia, two to four mitoses per 40x microscopic field, necrosis, and infiltration of the brain parenchyma and/or leptomeninges; and 3) choroidplexus carcinoma (CPC), which had marked nuclear atypia, poorly formed papillae, >four mitoses per 40 x microscopic field, abnormal mitotic figures, and/or extraneural metastasis. The 16 tumors were classified either as CPP or atypical CPP (none as CPC). Statistically significant associations between brain infiltration and necrosis and atypical CPP were identified. Immunohistochemical studies in 1 1 tumors demonstrated staining for keratin in three tumors, two of which also reacted with carcinoembryonic antigen (CEA). There was no immunoreactivity with glial fibrillary acidic protein or epithelial membrane antigen. Choroid plexus from one of three control dogs stained focally for cytokeratin only. It is concluded that normal choroid plexus and CP tumors in the dog express epithelial, but not glial differentiation.
Choroid plexus (CP) tumors in dogs and man are generally similar in morphology and clinical manifest a t i~n .~~ Grossly, they are well-circumscribed, reddish, cauliflower-like intraventricular growths with a tendency to bleed. Microscopically, benign tumors are easily recognized by distinctive arboriform or papillary patterns and redundant epithelium. Malignant variants, however, are more difficult to diagnose, and their undifferentiated appearance may be confused with ependymomas or metastatic carcinomato~is.~.~~ In man, a spectrum of histologic differentiation, including oncocytic, cystic, acinar, and mucus-secreting, has been described. In dogs, however, only the papillary pattern has been Several immunohistochemical studies of human CP tumors have demonstrated the presence of various intermediate filament proteins, mainly glial fibrillary acidic protein (GFAP)3,7, 9, 20, 26, 30 and cytokeratins,6,7,9J4,20 but also S-100 p r~t e i n ,~,~ ~i m e n t i n ,~,~~ carcinoembryonic antigen (CEA),' neuron specific enolase (NSE),' epithelial membrane antigen and LEU-5.9 The expression of GFAP, a marker for astrocytomas and ependymomas, has been interpreted as evidence of ependymal differentiation in approximately 40% of human CP tumors. 26 Most reports of CP tumors in the dog have consisted of single cases,5.9,'0-13,'5-~7.'9.21,23.24.29,3',33,34.36 and the few series that have been p~b l i s h e d '~,~~ have not provided sufficient histopathologic criteria to differentiate choroid plexus papillomas (CPP) from choroid plexus carcinomas (CPC). We have analyzed multiple histologic variables in sixteen canine choroid plexus tumors in an attempt to distinguish between CPP and CPC.
Materials and Methods
Medical records and autopsy material of 16 dogs with choroid plexus (CP) tumors were retrieved from the files of the Scott-Ritchey Research Program, Auburn University (cases No. 1 to 7) and the Registry of Veterinary Pathology at the Armed Forces Institute of Pathology (AFIP) (cases No. 8 to 16) over a 35-year period (1 948-1 983). Ten tumors had been diagnosed as choroid plexus papillomas (CPP), four as choroid plexus carcinomas (CPC), and two as ependymomas.
Sections ofthe primary neoplasm, and, when present, site(s) of dissemination, were stained by hematoxylin and eosin (HE), periodic acid-Schiff (PAS) with and without diastase digestion, mucicarmine, Masson's trichrome, and reticulin stains. The following microscopic features were analyzed to differentiate between CPP and CPC: histologic pattern, fibrosis, necrosis, hemorrhage, cystic change, focal mineralization, vascular proliferation in adjacent brain parenchyma, mononuclear inflammatory infiltrate, cell density, mucinous change, glycogen, foamy cells, nuclear atypia, average num- ber of mitoses per ten 40 x microscopic fields, multinucleate tumor giant cells, stratification of papilla, infiltration of brain parenchyma, subarachnoid spread, and extraneural metastasis. Microscopic sections were examined first independently and then together by at least two ofthe authors. Results were recorded on a scoring form designed especially for the study. CP tumors were classified into three categories. CPP is a tumor which faithfully mimics the appearance of normal choroid plexus and does not have mitotic figures. CPP with atypical features, or 'atypical' CPP, is a neoplasm which superficially resembles normal choroid plexus and is characterized by at least three of the following features: increased cellular density, nuclear atypia, two to four mitoses per 40 x microscopic field, necrosis, and infiltration of the adjacent brain parenchyma and/or leptomeninges. CPC possesses unmistakable histological features of malignancy including at least three of the following characteristics: marked nuclear atypia, poorly formed papilla consisting of pleomorphic cells resting on scant fibrovascular stroma, mitotic rate greater than five mitotic figures per 40 x microscopic field, abnormal mitotic figures, and extraneural metastasis. For immunocytochemistry, the avidin-biotin complex (ABC) and the peroxidase-antiperoxidase (PAP) methods were applied to deparaffinized sections from 11 CP tumors and from three normal dog brains using antibodies to glial fibrillary acidic protein (GFAP), pankeratin (48K-68K), cyto keratin (AE 1 [ 5 OK and 5 6.5K]/AE3 [ 5 8K-6 5 K-6 7K]), epithelial membrane antigen (EMA), and carcinoembryonic antigen (CEA). Incubation with pankeratin and cytokeratin was preceded by enzymatic digestion of the sections with protease for 6 minutes and trypsin for 7 minutes, respectively. The working dilution, source of antisera, and human and canine control tissues for each of the antibodies are listed (Table 1) . Negative controls were done by substituting nonimmune rabbit or mouse sera for antiserum.
For statistical analysis, the measure of association between histologic characteristics and tumor type was expressed as the relative proportion of each characteristic under study. Statistical significance was determined using Fisher's exact test.
Results
There were 12 males and four females representing a variety of breeds ( Table 2 ). The youngest animal was 2 years old and the oldest was 11 (average, 6 years).
Clinical histories differed according to location of the mass and secondary effects such as hydrocephalus, brain swelling, and herniation. The most common complaints expressed by the owners were a change in the behavior of the dog ranging from passive to aggressive, vomition, anorexia, and dysphagia. Impairment of locomotion ranging from limb weakness and unsteady gait to intermittent tetraparesis and tetraplegia was commonly present. Vestibular and pontomedullary signs including nystagmus, head tilt, circling, and laryngeal paralysis, were seen mostly with papillomas of the fourth ventricle.
Autopsies were done on all dogs. The possibility of metastasis to the choroid plexus (CP) was carefully excluded in all cases. Tumors occurred with equal frequency in the third and lateral ventricles (six each), with the remainder in the fourth ventricle. They were well-circumscribed, cauliflower-or coral-like, dark-pink to red or gray, friable lesions which measured from 0.5 to 2.0 cm (Fig. 1 ). Blood-tinged cerebrospinal fluid (CSF) was seen in four dogs. Ventricular enlargement was diffuse in 1 1 dogs and focal in three. Brain swelling and/or brainstem hemorrhages were present in two animals with large tumors who died suddenly. Displacement of midline brain structures to the contralateral side was most obvious with tumors originating in the lateral ventricles. Subarachnoid dissemination was grossly evident in two cases. The cut surface of fixed tumors was papilliferous, gray-white or mottled black, with multifocal areas of brown or yellow discoloration in a few tumors.
All growths were composed of papillary fronds lined by one or more layers of cuboidal to columnar epithelium ( field, abnormal mitotic figures, or extraneural metastasis were absent. Hemorrhage into the stroma or into the ventricle was evident in nine cases. Inflammatory cell infiltrates seen in six tumors were composed of lymphocytes, macrophages, and plasma cells. In areas of tumor necrosis, small collections of neutrophils were also present. In some tumors, collections of macrophages (Kolmer cells) were also seen on the surface of neoplastic papillae (Fig. 6) . Infiltration of brain parenchyma was seen in eight cases and was extensive in two dogs (Fig. 7) . Subarachnoid spread was present in six animals. Nine cases had mild to moderate vascular proliferation in adjacent brain parenchyma (Fig. 8 ).
Based on these findings, 11 tumors were diagnosed as choroid plexus papillomas (CPP), five as atypical CPP (cases 3, 4, 7, 12, and 15), and none as choroid plexus carcinomas (CPC). Those characteristics which evidenced a trend or difference between tumor types were analyzed for association and statistical significance and showed a strong positive association between brain infiltration and atypical CPP (Table 4 ). There was also a strong Choroid plexus from one control dog was stained focally for cytokeratin only. In contrast, case No. 5 was positive for cytokeratin; case No. 9 was positive for cytokeratin, pankeratin, and carcinoembryonic antigen (CEA) (Fig. 9 ); and case No. 14 reacted with cytokeratin and CEA. In all instances the immunoreactivity shown by the tumors was multifocal, and stronger reactions were consistently obtained with cytokeratin than with pankeratin or CEA. None of the tumors reacted with glial fibrillary acidic protein (GFAP) (Fig.  10 ) or epithelial membrane antigen (EMA).
Discussion
The presence of neural and nonneural markers has been demonstrated in the normal brain and spinal cord of the dog and in canine central nervous system (CNS) neoplasm^.^.^^ We demonstrate for the first time that normal canine choroid plexus may express focal immunological reactivity to cytokeratin, and that canine choroid plexus (CP) tumors may also stain focally with cytokeratin and, less intensely, with carcinoembryonic antigen (CEA). In agreement with a previous none of the CP tumors immunoreacted with glial fibrillary acidic protein (GFAP). Normal canine ependyma, on the other hand, showed focal positivity for GFAP but was negative for keratin. We conclude, therefore, that immunohistochemically normal choroid plexus and CP tumors in the dog may express an epithelial phenotype. In contrast to our findings, it has been reported that normal canine choroid plexus and ependyma do not react to keratin, and that the latter also is GFAP-negative.2 There are important methodological pitfalls in the immunocytochemical staining of paraffin sections. Lack of staining does not necessarily mean that the antigen is not being expressed, and unexpected presence of immunopositivity may be caused by cross-reactivity, by nonspecific binding to immunoglobulins, or by contaminating a n t i b o d i e~.~~ Furthermore, prolonged fixation and omission or use of enzymatic pretreatment of the paraffin sections may alter the immunoreactivity of a tissue section to a particular antibody.
Approximately 66 canine CP tumors have been recorded in the literature. CP tumors occur in young to middle-aged dogs with an average age of 6 years. Previous studies indicate that there is a two-fold incidence in males, and over 50% of the tumors are in the fourth been reported in the dog.8, 19, 24, 34, 35 Four tumors in the present study were also diagnosed initially as CPC. In our experience, the diagnosis of CPC is one of exclusion. In all ten autopsies, a complete examination of the viscera permitted exclusion of metastasis to the choroid plexus. Tumors were described by the various authors as well-differentiated papillary growths, and the diagnosis of CPC was generally based on variables such as size, subarachnoid spread, or focal invasion of brain parenchyma. However, if the histologic criteria used in this study were applied to these ten CPC, most, if not all, would be diagnosed as atypical choroid plexus papilloma (CPP). Since the onset of neurological deficits and attendant behavioral changes are usually insidious and subtle, most brain tumors in the dog, including CP tumors, are diagnosed late in the course of the disease. Their extraordinary growth, therefore, is often dependent on the duration of the lesion rather than on malignant transformation. Moreover, seeding of the leptomeninges and subarachnoid space is frequently encountered with histologically "benign" human and canine CP papillomas, and therefore by itself, tumor spread within brain cavities cannot be interpreted as a sign of malignancy. Finally, invasion of the brain parenchyma or the leptomeninges may also be a time-dependent event in which neoplastic cells extend into the brain substance or meninges along blood vessels and eventually proliferate. Invasiveness is often, but not always, associated with malignancy.2s Although some pathologists may consider what we have named atypical papilloma as carcinoma, we contend that a diagnosis of carcinoma must be based on both the exclusion of metastasis to the choroid plexus and on histologic criteria. An indispensable criterion for the diagnosis of CP carcinoma is metastasis to extraneural sites. The application of this requirement means that CPC is rare. Human CPC also is rare and occurs mainly in infants and young children under 7 years of age. 27 The diagnosis is based initially on the exclusion of metastatic carcinomas to the choroid plexus. Subsequently, cytologic and behavioral features of cellular pleomorphism and nuclear atypia, increased numbers and abnormalities of mitotic figures, increased cellularity accompanied by poorly formed papillae, invasiveness of brain parenchyma, and extraneural metas- tasis are ~onsidered.~ In equivocal cases, ultrastructural studies may be useful as cilia, microvilli, and extensive zonula adherens junctions are d e m o n~t r a t e d . ' ,~J~,~~ In man, and perhaps in the dog, the term malignancy may be ambiguous and misleading when applied to CP tumors. Thus, paradoxically, cytologically benign lesions may disseminate widely in the subarachnoid space, while anaplastic tumors may remain localized.
Histologic characteristics which evidenced a trend or difference between CPP and atypical CPP were selected and examined for association and statistical significance. Strong positive associations were found when comparing brain infiltration and necrosis to atypical CPP. A positive association was found with several other characteristics but these were not statistically significant, possibly because of the small sample size. These findings demonstrate that tumor infiltration of brain parenchyma and tumor necrosis are associated with and may be predictive of CPP atypicality. We suspect that other characteristics, especially angioproliferation of brain parenchyma and subarachnoid spread, are also associated with atypicality, but a larger study is needed to demonstrate statistical significance for relative proportions of these magnitudes.
Exfoliation of tumor cells is common in human CP tumors4 and may explain the facility with which even benign neoplasms disseminate in the subarachnoid space. In the dog, however, neoplastic cells, including CP tumor cells, seldom are encountered in a CSF spec- $ hpf = high power field.
imen. The inability to detect CP tumor cells in CSF, even in the presence of pleocytosis and post-mortem demonstration of direct seeding of the subarachnoid space, may reflect a unique species difference or a lack of special methodology for concentrating cells in canine Fig. 9 . Choroid plexus papilloma (case No. 9). Tumor is negative for glial fibrillary acidic protein (GFAP), while glial cells in the surrounding brain parenchyma show intense immunoreactivity. Avidin-biotin complex (ABC) immunoperoxidase method for GFAP, counterstained with Mayer's hematoxylin. Bar = 300 pm. CSF. Microabscesses associated with foci of tumor necrosis and collections of macrophages (Kolmer cell) on the neoplastic papillae were occasionally present in some of the tumors and probably contributed to the observed pleocytosis.
Both CP tumors and ependymomas share the ventricular cavity and may have a similar microscopic appearance, particularly papillary ependymomas, and therefore, m a y be confused and misdiagnosed. By light microscopy, choroid plexus tumors have a fibrovascular stroma, while ependymomas possess a fibrillated, non-collagenous background. By classic histologic criteria, therefore, the distinction is readily apparent, but an incomplete biopsy of a poorly differentiated neoplasm m a y present a difficult diagnostic Two of our tumors initially were diagnosed as ependymomas, which underscores the importance of systematically evaluating tumors of the brain ventricular system. 
